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BACKGROUND OF THE INVENTION 
1 . The Field of the Invention 

[002] The present invention generally relates to software configuration changes, 
and in particular to an application configuration change log used in reverting a current 
configuration setting for an application to a previous configuration setting through, e.g., 
an undo, redo or rollback operation. 



2. Background and Relevant Art 

[003] Most software applications have an accompanying configuration file, which 

describes configuration options particular to that application. These settings control a 

wide array of operation behaviors for the application. For example, they can dictate the 

appearance of the application (e.g., the background color used, the font style and size 

for the menus and toolbars, etc.), the toolbar configuration (e.g., which tool will be 

3 listed, the size of the toolbar, etc.), the printer settings (e.g., printer properties such as 

m 

2 g * § layout, the number of pages to print, etc.), etc. Moreover, these settings could be for the 

S3 i H £ p fS operation of the overall system, e.g., those settings found in a typical control panel such 

3 § £ < 5 S 

G 2 § § § w as the time of day settings, display settings, mouse settings, etc. In other words, the 

C o < K m 

~ is I ^ 

Szf K I s j configuration settings describe the overall operation of the application and can be 

^3 *^ 



g virtually any software setting that can be individually modified to a user's preference. 

O 

^ [004] Configuration information for an application is typically stored in a 

configuration file, centralized store, e.g., system-wide registry, or both. A configuration 
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file is created for storing configuration information specific to a particular application. 
A registry on the other hand, can be system-wide with a predefined format; thus, any 
application program can access the information in the registry. Accordingly, 
application programs, application setup programs, and the operating system itself can 
store their own configuration information in such a centralized location. An application 
program can retrieve, modify and replace configuration information from either the 
configuration file or registry during execution to control its operation. In addition, 
typical systems provide a user with access to the configuration information stored in 
either the configuration file or registry for editing purposes. 

[005] Regardless of whether the configuration information is distributed or 
centrally stored, certain problems in using and managing the information have been 
recognized. For example, when the user or application makes configuration setting 
changes the file or registry is typically updated with the new configuration information 
and the old configuration information is discarded. Accordingly, if the user or 
application wishes to revert back to the previous settings, they must remember what 
settings they changed and how they changed them. Often times, however, this is 

3 difficult or impossible. For example, a configuration change in application A may 

w 

^ § g w 5 cause an undesirable effect in application B; thus, requiring the user to both recognize 

8 § < S 5 * at t " ie change in A caused the change in B and recall how to change it back. This may 



® 1 £ o £ w be a difficult task, especially if any significant time has elapsed between when the user 

"8 § s jjj made the change in A and noticed undesirable effect in B and/or the configuration 

change was a complex procedure. 
O 

^ [006] Because of the complexity of today's configuration settings and the user's 

difficulty in recalling changes made, the user often times is leery about experimenting 
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with configuration settings. For example, when a user is presented a dialog box with 
options for changing configuration settings that they don't understand very well, he/she 
doesn't feel confident making the selection. Accordingly, the user is less likely to 
experiment with the options, and may not be getting the optimum performance from the 
application. Further, the user experiences a great deal of anxiety in using the system 
and doesn't feel like he/she is in control. 

[007] Although current applications provide undo/redo functionality for the data 
that the application operates on, (e.g., the undo/redo edit for text in a standard text 
editor), no such functionality currently exists for software configuration settings. 
Further, once the application is closed this undo/redo application data no longer persists. 
Accordingly, there exists a need for a system that can maintain a history of software 
application configuration change information and provide help in undoing, redoing, or 
rolling back configuration settings. More generally, there exists a need for a system that 
can provide a reversion routine for changing the configuration of an application to a 
previous state. 
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BRIEF SUMMARY OF THE INVENTION 
[008] In accordance with exemplary embodiments of the present invention, the 
above-identified lack of undo/redo functionality for software configuration settings is 
overcome. For example, exemplary embodiments provide for a computer system and 
method for reverting a current configuration setting for an application to a previous 
configuration setting. The system can receive and store application configuration 
information to be used in reverting to the previous configuration setting. Further, a 
history of the configuration setting changes for the application can be maintained. The 
system can also display a representation of the application configuration information for 
viewing and selecting. When selected, the application configuration information can be 
retrieved and a call to a reversion routine can be made. At least a portion of the 
application information may then be passed to the reversion routine for reverting to the 
application's previous configuration setting. 

[009] In accordance with yet another example embodiment, a system and method 
are provided that allow for maintaining a history of configuration setting changes for an 
application. Application configuration information can be identified from within the 

ft 

3 maintained history. Further, the system also provides for reverting to the application's 

s 

!2 g * u 5 previous configuration setting by using at least a portion of the identified application 

^ I £ i § °° 

§ | h a I g configuration information. 

O H « < E o 

6 2 1 5 h w [010] In accordance with yet another example embodiment, a system is provided 

l s S that facilitates the reversion of an application's configuration to a previous 

configuration setting. The system can receive a package of information, which contains 
O 

^ application configuration information that can be used in reverting to the previous 

configuration setting. The package of information can then be stored for subsequent 
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retrieval and for maintaining a history of configuration setting changes for the 
application. A request from the application for the package of information can be 
received when reverting to the application's previous configuration setting. Finally, the 
package of information can be retrieved and sent to the application for processing the 
application configuration information when reverting to the previous configuration 
setting. 

[Oil] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be obvious from the description, or may be 
learned by the practice of the invention. The features and advantages of the invention 
may be realized and obtained by means of the instruments and combinations 
particularly pointed out in the appended claims. These and other features of the present 
invention will become more fully apparent from the following description and appended 
claims, or may be learned by the practice of the invention as set forth hereinafter. 




- Page 5 - 



Docket No. 13768.370 



BRIEF DESCRIPTION OF THE DRAWINGS 
[012] In order to describe the manner in which the above-recited and other 
advantages and features of the invention can be obtained, a more particular description 
of the invention briefly described above will be rendered by reference to specific 
embodiments thereof which are illustrated in the appended drawings. Understanding 
that these drawings depict only typical embodiments of the invention and are not 
therefore to be considered to be limiting of its scope, the invention will be described and 
explained with additional specificity and detail through the use of the accompanying 
drawings in which: 

[013] Figure 1 illustrates the use of a Log for storing configuration change 
information in accordance with example embodiments of the present invention; 
[014] Figure 2 illustrates the exchange of configuration change information 
between an application and a change log in accordance with exemplary embodiments of 
the present invention; 

[015] Figure 3 illustrates example acts of and steps for methods of reverting a 
current configuration setting for an application to a previous configuration setting in 
accordance with example embodiments; 

[016] Figure 4 illustrates example acts of a method for facilitating the reversion of 
an application's current configuration setting to a previous configuration setting; and 
[017] Figure 5 illustrates an example system that provides a suitable operation 
environment for the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[018] The present invention extends to methods, systems, and computer program 
products for reverting a current application configuration setting to a previous 
configuration setting using a history of configuration changes. The embodiments of the 
present invention may comprise a special purpose or general-purpose computer 
including various computer hardware, as discussed in greater detail below. 
[019] As mentioned above, most software applications have an accompanying 
configuration file or configuration registry, which describes the configuration settings 
particular to that application. These configuration settings describe the overall 
operation of the application and can be virtually any software setting that may or may 
not be individually modified to a user's preference. For example, the configuration 
settings could be used to configure the appearance of the application, the toolbar 
configuration or the printer settings. Moreover, configuration settings can be used to 
control the overall performance of the computer system, e.g., display settings, mouse 
settings, etc. Currently, however, there is no recorded history of changes made to the 
configuration settings, nor any assistance to undo, redo or rollback configuration 
3 settings. 

B 

^ g * 5 [020] Figure 1 illustrates the use of a Log 150 for storing configuration change 

5 * > 9 00 

O § 5 B P 5 information in accordance with example embodiments of the present invention. Typical 

O o en < E c 

pq ^ > o D g 

6 | § o h g °^ most s of tware applications, Application 105 can maintain configuration information 
™ §5 < 2 ^ 5 in a Configuration Store 145, which can be retrieved using path 140 when Application 

GO 

105 is loaded. As changes in the configuration settings for Application 105 are made 
O 

^ these changes are recorded and stored in Configuration Store 145 using path 125. As 

one of ordinary skill in the art would recognize, these changes can be made by the user 
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(not shown) or by the Application 105 to enhance performance and user experience. 
Further, these changes can be made while Application 105 is executed, or the changes 
can be made directly to the Configuration Store 145, which could be, e.g., an 
application file or centralized registry. In accordance with the present invention, 
however, changes are typically made while Application 105 is executed. Nevertheless, 
changes to Configuration Store 145 can be made when Application 105 is not being 
executed. For example, when the configuration settings are shared among several 
applications (e.g., printer settings), changes to one application may effect changes to all 
other shared applications or changes may be made directly to the Configuration Store 
145 through a Configuration File or Registry Editor (not shown). 
[021] In accordance with example embodiments of the present invention, when 
Application's 105 configuration settings are changed Application 105 not only updates 
Configuration Store 145 but also sends a Package 110 of application configuration 
information to Log 150. This Package 110 of information can later be recalled and 
received back by Application 105 when reverting its configuration settings to previous 
ones. 

9 [022] Example embodiments also provide that the package 110 may have an XML 

2 o * § (extensible Mark-up Language) data structure, which has a Header portion 115 and an 

5 § 2 * 

QgfjmBg Application Payload portion 120. The Header 115 of Package 110 may contain 

6 ~ § o § S information that uniquely identifies the contents of Package 110 and the changes made 

jzB sSjjj to configuration settings for Application 105. For example, Header 115 may contain 

g information that identifies the Application 105 where configuration changes were made, 

O 

^ a title of the changes that were made, a brief description of the configuration change, 

and/or the date and time of the configuration change, etc. Further Header 115 of 
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Package 110 may contain a reversion routine, which as described in greater detail 
below, can be called to assist Application 105 to undo, redo or rollback to a previous 
configuration setting. The Application Payload portion 120 of Package 110 will 
typically be binary encoded data, e.g., base 64, that can be passed to the above- 
identified reversion routine when reverting to an application's previous configuration 
setting. It should be noted, however, that the information within Application Payload 
portion 120 can be any type of data used in assisting the user or Application 105 in 
reverting to a previous configuration setting. 

[023] Log 150 is primarily made up of two parts; Store 160 and User Interface 
(UI) 155. Log Store 160 is primarily used to store Package 110 for subsequent retrieval 
when reverting to Application's 105 previous configuration setting. It is through the 
Store 160 that a history of configuration changes is maintained for Application 105. 
The UI 155 of Log 150 can be used to view and select events of interest from the 
history. For example, UI Log 155 could be a browser that uses the Header 115 
information of Package 110 to display information that uniquely identifies changes 
made to configuration settings of Application 105. This displayed change information 
3 by UI 155 could be, e.g., a Name of Application 105, a Title of the change made (e.g., 

s 

o§ = Printer Properties), a brief Description of the change (e.g., Page Layout), and/or the 

6 % > 3 00 

§ § < B 5 ^ ate anc * ^ ime the Ganges were made (e.g., May 29, 2003 @ 3:05p.m.). 

O 8 wi < E c 

6 2 2 § £ n [024] As one of ordinary skill in the art would recognize, Log 150 can be either 

jze 1^5 partially or entirely embedded with an application. Accordingly, the dotted line 180 

g around Log 150 and application 105 is used to indicate that either component of the Log 

O 

^ 150 may be embedded in Application 105. For example, Application 105 might include 

code that can generate the UI Log 155, and/or Application 105 may maintain a store 
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that would represent Log Store 160. Alternatively, these Log 150 components (i.e., UI 
Log 155 and Log Store 160) may be separate from Application 105. 
[025] In accordance with example embodiments, a user can view a history of 
configuration changes made to Application 105 from UI 155 and select a desired 
change to undo, redo or rollback. As one of ordinary skill in the art would recognize, an 
undo routine simply undoes a change made to the configuration settings, while redo 
simply undoes a previous undo operation. Alternatively, a user or Application 105 may 
wish to rollback configuration changes to a specific date and time. Accordingly, 
example embodiments provide that a user (or Application 105) can select a particular 
day and time to revert configuration settings to. Based on the history kept in Log 150 
all changes made to configuration settings after that date can be undone. Regardless of 
the type of reversion made (i.e., undo, redo, or rollback), the reversion routine 
performed changes the configuration to a previous state. In particular, the following 
discussion uses the terms "reversion," "reverted" or "reverting" to a previous 
configuration setting as a generic term in describing any undo, redo or rollback 
operation. 

[026] Once a user or Application 105 has selected a configuration change to be 
reverted, Log 150 can call a reversion routine in Application 105. Package 110 can 
then be passed through path 175 back to the routine in Application 105 for reverting to a 
previous configuration setting. The routine may simply call a "pop-up" help screen, 
which yields manual instructions on how to revert the configuration change back to the 
previous setting. Alternatively, the routine may call several other routines to assist in 
automatically reverting the configuration change. In an alternative embodiment, all of 
the functionality of the Log, i.e., the selection from the UI 155 and the calling the 
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routine, can be performed by the application. In such case, the Log 150 does not need 
to know all of the working details of Package 110, but rather facilitates the reversion 
routine by passing Package 110 back to Application 105 upon request. Application 105 
then uses the package of information, through either manual instructions or 
automatically, to revert to the previous configuration setting. 

[027] In accordance with yet another example embodiment, when any reversion 
routine is called and passed Package 1 10, the Configuration Store 145 may be updated. 
As such, Application 105 may also send another Package 110 of configuration change 
information to Log 150. This implementation of the present invention is particularly 
useful in assisting the redo functionality. 

[028] Because the number of events (i.e., configuration changes) can be large, the 
present invention allows for distinguishing between events that are interesting to the 
user or Application 105 and those that are not. For example, the present invention can 
allow the user to select which events to send to Log 150 through e.g., a dialog box 
which can be checked if the user wishes to send the change he is making to Log 150. In 
conjunction, exemplary embodiments provide that Application 105 can automatically 

3 send those events that are visible to the user, e.g., change in font size, printer settings, 

w 
w 

^ g * 2 toolbar configuration, etc. Although Log 150 can receive both internal application 

O S H £h| settings and visible user event settings, typically Log 150 will be given the ability to 

O § S < 5 S 

S 2 § 3 2 u distinguish internal events and those that are controlled and visible by the user. 

Z S < 1 s 5 [029] In order to combat security concerns (e.g., someone else passing as Log 150 

a to give Application 105 a package that will corrupt its system or someone posing as 

O 

^ Application 105 and sending packages of configuration information to be sent back to 

Application 105 to corrupt its system) the present invention allows for encryption of 
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Package 110. For example, the present invention allows for Public-key encryption; 
however, as one of ordinary skill in the art would recognize, any type of security 
encryption could be used for sending and receiving packages of configuration 
information. 

[030] Figure 2 further illustrates the exchange of a Package 220 of configuration 
change information between an Application 210 and a Change Log 205 in accordance 
with example embodiments of the present invention. Change Log 205 may contain a 
filter for displaying the results of a query on a per application or per time period basis. 
As shown in Figure 2, for example, Change Log 205 displays configuration change 
information such as an application Name, a change Title, and a change Date. The Title 
and Date and other change configuration information may be displayed in a grid-like 
fashion of rows and columns showing a history of changes that have been made to a 
particular application. Alternatively, the display may show changes sequentially or 
chronologically rather than on an application-specific basis. As one of ordinary skill in 
the art would recognize, however, any suitable form of displaying the configuration 
change information for viewing and selecting is applicable to the present invention. 
3 [031] When a configuration change is made to Application 210, Package 220 of 

% o g u 1 information describing these changes is sent to Change Log 205. Change Log 205 

§1 5; | " I stores the Package 220 to maintain a history of configuration setting changes for 
8 OT < g - 

S § § o t w Application 210. In an example embodiment, Change Log 205 has a separate UI than 

Z B S Application 210, and therefore the user can view the history of changes in a window 

S unassociated with Application 210. In this embodiment, when a user or Application 

O 

^ 210 wishes to revert configuration settings from a current setting to a previous one, the 

user can select the event to be reverted, e.g., Title: A, Dated: 5/27/2003. The Change 
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Log 205 can then call a reversion routine in Application 210 and pass the Package 220 
to the routine. The routine can then use, e.g., the application configuration information 
within Package 220 for reverting to the Application's 210 previous configuration 
setting. Such a routine might display a link to an HTML page or call a pop-up window. 
The information in the Package 220 could be used to display steps a user must perform 
in order to revert configuration settings. In another embodiment, Application 210 uses 
the routine and Package 220 to automatically revert to the previous configuration 
setting. In any event, i.e., whether the reversion is manually or automatically 
performed, calling a reversion routine and passing Package 220 to it is referred herein 
as a callback. 

[032] There are several ways a callback for a particular application can be 
performed. For example, in order to support reversion, an Application 210 may need to 
implement a specific interface and routine specified by the interface that manage all 
reversions. This routine may in turn call other routines when reverting to a previous 
configuration setting using the information in Package 220, but the callback initially 
will be made to the specific managing routine. If Application 210 does support this 

□ managing routine, an Error Code 215 can be raised when the callback is attempted. 

^ o g tt 5 Alternatively, the callback routine can be encoded inside Package 220, as, for example a 

g § h 5 B £ function pointer, callback or delegate for loading the reversion routine, with various 

Q|pS| data also encoded inside Package 220 passed as arguments. 

2 t < § 8 S [033] In yet another example embodiment of the present invention, Change Log's 

S 205 UI is supported by Application 210. As with other embodiments, Change Log 205 

O 

^ need not know the details of Package 220. Rather, Application 210 simply requests 

Package 220 back when reverting to a previous configuration setting. 
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[034] In accordance with yet another example embodiment, the present invention 
also supports transacted configuration settings. For example, the user may wish to undo 
event C as shown in Change Log's 205 UI display. Event C, however, may be nested 
and depend from events A and B. In accordance with one embedment, when a user 
wishes to undo event C the system could recognize that event C cannot be undone 
without first undoing event A and B. Accordingly, an error code 215 can be raised and 
sent to the Change Log 205 telling the user that the request cannot be processed. The 
Change Log 205 may then notify the user of possible solutions to correct the error such 
as suggesting a rollback operation of A and B first. Further, the Change Log 205 may 
be able to determine the appropriate remedy from the Error Code 215 and automatically 
revert changes A and B first. This may be an iterative process, such that Change Log 
205 continues to call a routine and pass Packages 220 to Application 210 until a success 
code is received. Alternatively, Application 210 may automatically request more 
Packages 220 from Change Log 205 for reverting changes A and B before reverting C, 
which may also be an iterative process. The present invention also provides for 
unifying the three nested events A, B and C and when one is desired to be reverted, the 
application automatically reverts all three. 

[035] As one of ordinary skill in the art would recognize, rather than sending an 
Error Code 215 Application 210 can also send a success code (not shown) to Change 
Log 205 upon a successful configuration reversion. Accordingly, Change Log 205 can 
note this change as part of the history for future revisions such as redoing an undo 
operation. 

[036] Figure 3 illustrates example steps and acts used in reverting a current 
configuration setting for an application to a previous configuration setting. A step for 
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Maintaining (310) a history of configuration setting changes for an application may 
include acts for Receiving (312) application configuration information and Storing 
(314) this information. This application configuration information is to be used in 
reverting to the previous configuration setting. Further, this configuration information 
could be Received (312) and Stored (314) as a result of a user request or automatically 
whenever a configuration change is made to the application. 

[037] As previously discussed, the application configuration information could be 
XML data comprising a header and an application portion. The header might comprise 
the data used in displaying a representation of the application configuration information, 
whereas the application portion could comprise data that will subsequently be passed to 
a routine for reverting to the applications previous configuration setting. Moreover, the 
- s. header data used in displaying a representation of application configuration information 

could be a title, an application name, a description, a change date, call back 
identification, and/or change time. 

[038] A step for Identifying (320) application configuration information from 
within the maintained history may include an act of Displaying (322) a representation of 
9 the application configuration information within a UI for viewing and selecting the 

3 

^ § g 5 application configuration information. Such UI may include, e.g., a filtering device that 

§ g t- a P | would allow for filtering results, e.g., on a per application or per time period basis. The 

O 8 co < E o 

8 - 1 8 S « information displayed might then be a Name of the application whose configuration 

2 E < § 8 5 information changed, a change Title, Description, or Date and Time of the change. This 



Pi 
O 



information may be displayed in a grid-like fashion with rows or columns or any other 
^ suitable format. As previously mentioned, the information could be displayed for an 

individual application, or chronologically from a history of multiple applications. 
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[039] A step for Reverting (330) to the application's previous configuration setting 
using a portion of the identified application configuration information may include acts 
of Retrieving (332) the application configuration information and Calling (334) a 
reversion routine. The configuration information can be passed to the routine for 
reverting to the application's previous configuration setting. This routine may display a 
link that gives the user instructions on actions or steps to perform in order to revert the 
application to the previous configuration settings. Alternatively, the routine may be 
used in automatically reverting to the applications previous configuration setting in 
accordance with those example embodiments described above. The reversion to the 
application's previous configuration setting could be an undo, redo or roll-back 
operation as also described above. The routine may be embedded within the header of 
the configuration information or the header could comprise a pointer to the reversion 
routine called. Further, the revision routine could call one or more other routines for 
reverting to the applications previous configurations setting. 

[040] Figure 4 illustrates example acts used in facilitating the reversion of an 
application's current configuration setting to a previous configuration setting. The 
system provides for the act of Receiving (410) a package of information, which is to be 
used in reverting to the previous configuration setting. The package of information can 
then be Stored (420) for subsequent retrieval and for maintaining a history of 
configuration setting changes for the application. A request from the application for the 
package of information is Received (430) when reverting to the applications previous 
configuration setting. Finally, the package of information is Retrieved (440) and sent to 
the application for processing when reverting to the previous configuration setting. 
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2 g p, 5 [042] Figure 5 and the following discussion are intended to provide a brief, general 
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§§5£h| description of a suitable computing environment in which the invention may be 
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6 S § o S S implemented. Although not required, the invention will be described in the general 
5 e I s 5 context of computer-executable instructions, such as program modules, being executed 
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[041] Embodiments within the scope of the present invention also include 
computer-readable media for carrying or having computer-executable instructions or 
data structures stored thereon. Such computer-readable media can be any available 
media that can be accessed by a general purpose or special purpose computer. By way 
of example, and not limitation, such computer-readable media can comprise RAM, 
ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other 
magnetic storage devices, or any other medium which can be used to carry or store 
desired program code means in the form of computer-executable instructions or data 
structures and which can be accessed by a general purpose or special purpose computer. 
When information is transferred or provided over a network or another communications 
connection (either hardwired, wireless, or a combination of hardwired or wireless) to a 
computer, the computer properly views the connection as a computer-readable medium. 
Thus, any such connection is properly termed a computer-readable medium. 
Combinations of the above should also be included within the scope of computer- 
readable media. Computer-executable instructions comprise, for example, instructions 
and data which cause a general purpose computer, special purpose computer, or special 
purpose processing device to perform a certain function or group of functions. 



by computers in network environments. Generally, program modules include routines, 
^ programs, objects, components, data structures, etc. that perform particular tasks or 

implement particular abstract data types. Computer-executable instructions, associated 
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data structures, and program modules represent examples of the program code means 
for executing steps of the methods disclosed herein. The particular sequence of such 
executable instructions or associated data structures represents examples of 
corresponding acts for implementing the functions described in such steps. 
[043] Those skilled in the art will appreciate that the invention may be practiced in 
network computing environments with many types of computer system configurations, 
including personal computers, hand-held devices, multi-processor systems, 
microprocessor-based or programmable consumer electronics, network PCs, 
minicomputers, mainframe computers, and the like. The invention may also be 
practiced in distributed computing environments where tasks are performed by local 
and remote processing devices that are linked (either by hardwired links, wireless links, 
or by a combination of hardwired or wireless links) through a communications network. 
In a distributed computing environment, program modules may be located in both local 
and remote memory storage devices. 

[044] With reference to Figure 5, an exemplary system for implementing the 

invention includes a general purpose computing device in the form of a conventional 

3 computer 520, including a processing unit 521, a system memory 522, and a system bus 

S 

% § « w I 523 that couples various system components including the system memory 522 to the 

§ § S e p i processing unit 521. The system bus 523 may be any of several types of bus structures 

O 8 5 5 £ 2 

6 6 i I [2 2 including a memory bus or memory controller, a peripheral bus, and a local bus using 

Z e I s 5 any of a variety of bus architectures. The system memory includes read only memory 

a (ROM) 524 and random access memory (RAM) 525. A basic input/output system 

O 

^ (BIOS) 526, containing the basic routines that help transfer information between 

elements within the computer 520, such as during start-up, may be stored in ROM 524. 
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[045] The computer 520 may also include a magnetic hard disk drive 527 for 
reading from and writing to a magnetic hard disk 539, a magnetic disk drive 528 for 
reading from or writing to a removable magnetic disk 529, and an optical disk drive 530 
for reading from or writing to removable optical disk 531 such as a CD-ROM or other 
optical media. The magnetic hard disk drive 527, magnetic disk drive 528, and optical 
disk drive 530 are connected to the system bus 523 by a hard disk drive interface 532, a 
magnetic disk drive-interface 533, and an optical drive interface 534, respectively. The 
drives and their associated computer-readable media provide nonvolatile storage of 
computer-executable instructions, data structures, program modules and other data for 
the computer 520. Although the exemplary environment described herein employs a 
magnetic hard disk 539, a removable magnetic disk 529 and a removable optical disk 
531, other types of computer readable media for storing data can be used, including 
magnetic cassettes, flash memory cards, digital versatile disks, Bernoulli cartridges, 
RAMs, ROMs, and the like. 

[046] Program code means comprising one or more program modules may be 
stored on the hard disk 539, magnetic disk 529, optical disk 531, ROM 524 or RAM 
9 525, including an operating system 535, one or more application programs 536, other 

2 o x a 5 program modules 537, and program data 538. A client may enter commands and 

O 1 5 B ^ I information into the computer 520 through keyboard 540, pointing device 542, or other 

O ^ w < 5 o 

6 § 1 § £ 5 input devices (not shown), such as a microphone, joy stick, game pad, satellite dish, 

jjj § s 5 scanner, or the like. These and other input devices are often connected to the 

CO 

processing unit 521 through a serial port interface 546 coupled to system bus 523. 
Alternatively, the input devices may be connected by other interfaces, such as a parallel 
port, a game port or a universal serial bus (USB). A monitor 547 or another display 
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device is also connected to system bus 523 via an interface, such as video adapter 548. 
In addition to the monitor, personal computers typically include other peripheral output 
devices (not shown), such as speakers and printers. 

[047] The computer 520 may operate in a networked environment using logical 
connections to one or more remote computers, such as remote computers 549a and 
549b. Remote computers 549a and 549b may each be another personal computer, a 
server, a router, a network PC, a peer device or other common network node, and 
typically include many or all of the elements described above relative to the computer 
520, although only memory storage devices 550a and 550b and their associated 
application programs 536a and 536b have been illustrated in Figure 5. The logical 
connections depicted in Figure 5 include a local area network (LAN) 551 and a wide 
area network (WAN) 552 that are presented here by way of example and not limitation. 
Such networking environments are commonplace in office-wide or enterprise-wide 
computer networks, intranets and the Internet. 

[0481 When used in a LAN networking environment, the computer 520 is 

connected to the local network 551 through a network interface or adapter 553. When 

9 used in a WAN networking environment, the computer 520 may include a modem 554, 
w 

2 g ps 5 a wireless link, or other means for establishing communications over the wide area 

§ § h a p S network 552, such as the Internet. The modem 554, which may be internal or external, 

S 1 § o h S * s connected to the system bus 523 via the serial port interface 546. In a networked 

g B < g 8 ^ environment, program modules depicted relative to the computer 520, or portions 

gj thereof, may be stored in the remote memory storage device. It will be appreciated that 

O 

^ the network connections shown are exemplary and other means of establishing 

communications over wide area network 552 may be used. 
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[049] The present invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments are to 
be considered in all respects only as illustrative and not restrictive. The scope of the 
invention is, therefore, indicated by the appended claims rather than by the foregoing 
description. All changes which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 
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